1.

Introduction
Division of labor models are now a standard analytical tool, along with competitive general equilibrium models like the Ricardian, Heckscher-Ohlin-Samuelson, and
Ricardo-Viner models, in public finance, trade, growth, development, and macroeconomics. Unlike competitive general equilibrium models, division of labor models are characterized by multiple equilibria, instability, and emergent structural properties under parameter transformation. An important area of research with this class of models involves the implications of trading costs. This includes Venables (1996a,b) and Krugman and Venables (1995, 1996) . Trading costs are used, alternatively, to represent actual trading costs (transport, paperwork, etc.) and government imposed costs, like tariffs and non-tariff barriers. Trading costs have been shown to have important implications for the geographic dispersion of economic activity. In contrast to the recent emphasis on trading costs, this paper focuses instead on the relevance of the mobility of labor between sectors (or generically the ease with which production can be shifted between sectors) for the re-location of industry and adjustment costs associated with economic integration.
Division of labor models play a central role in international trade theory, public economics, regional/urban economics, and macroeconomics (both growth theory and business cycle theory). In international trade theory the model has been used to study both trade patterns (Ethier 1979 (Ethier , 1982 Markusen 1988 Markusen , 1989 van Marrewikj et al. 1997) and trade policy (Markusen 1990; Francois 1992 Francois , 1994 Lovely 1997) . One of the most interesting recent applications uses the multiple equilibrium property of these models to derive north-south trade structures endogenously (Markusen 1991; Krugman and Venables, 1995; Krugman, 1995; Puga and Venables, 1996; Matsuyama 1996) .
This class of models (characterized by firm level product differentiation) has also been replacing national product differentiation models (known as Armington models) in computational modeling of regional and multilateral liberalization. (See Francois and Roland-Holst 1997) . Arguments for following this approach have been offered by Norman (1990) and Brown (1987) . Some of the properties of this type of model have been explored computationally by Brown (1994) . Generic properties (including multiple equilibria and non-convexities) have been examined in Francois and Nelson (1998) . This paper examines the importance of factor mobility within countries for the manifestation of agglomeration and location effects emphasized in the new economic geography literature and the older literature on trade with scale economies. The result is the integration of issues covered in the older literature on factor mobility (see for example Casas 1984) with the more recent literature on agglomeration. An analytical model is first developed in Section 2. This involves a reformulation of the standard monopolistic competition model that greatly simplifies the analytical properties of the model, wherein we work with "variety scaled" rather than physical products. Working with this model, stability and adjustment properties are explored in Section 3. The relationship of factor mobility (in particular labor) to industry adjustment and relocation is then developed analytically in Section 4. A more complex computational model (involving multiple regions and sectors and intermediate linkages) is employed in Section 5. The computational exercise in section 5 involves a notional reduction in trading costs within the European Union. Conclusions are offered in Section 6.
Variety scaling
We start with a representation of trade under monopolistic competition that involves "variety-scaled" rather than physical output. This approach buys us a great deal of analytical simplicity when we turn to stability properties and the scope for inter-sectoral adjustment. Differentiated goods may be differentiated consumer goods, or producer goods that are assembled before the final good is sold locally. In either interpretation, there will be variety-related benefits to location. These benefits are further magnified in the computational section of the paper, where we also add intermediate linkages,
reinforcing the advantages of location.
We first assume that individual firms producing variety x j of good X are monopolists working under a homothetic cost function defined over an input price vector ω and subject to a fixed cost ad constant marginal cost. Free entry forces the standard average cost pricing solution, alongside the monopoly markup rule. The elasticity of is derived from standard S-D-S preferences, and hence is a constant value σ (which also equals the elastiticity of substitution. Formally, in the X sector, we have the following cost and price relationships:
In equations (1)-(3), P denotes price, C(.) denotes total cost for the firm producing x, and f(ω) is the linear homothetic cost function for a bundle of inputs (designated Z below).
Taken together, equations (2) and (3) mean that firms are of an identical size (we have a symmetric equilibrium), and that change in industry scale will be proportionate to change in the number of varieties in the industry. In particular, we will have:
The scale of individual firms will be fixed, while the equilibrium price for each individual variety will be a linear function of the cost of input bundle Z. The demand for individual varieties follows from the standard S-D-S aggregation function:
In equation (6), the term g denotes a constant applied to each variety. The elasticity of substitution of substitution will be σ=1/(1-ρ), where 0<ρ<1. For the moment, assume that we have two sources of varieties, designated 1 and 2. These sets of varieties originate in different countries. We will maintain the large group assumption throughout (i.e. demand elasticities remain unchanged), but now we subdivide equation (6) to reflect the split sourcing of varieties. Note that, as long as we maintain the assumption of symmetry across firms from source 1 and 2, then we will consume identical quantities over all source r varieties.
In equation (7), the subscript now designates (identical) varieties from a given national source, and n r denotes the number of varieties associated with that source. Note that we 5 have a CES weight that applies identical across varieties from a given source. We next modify equation (7) so that it is defined over aggregate physical quantities (i.e. X=nx).
If we hold variety constant, then equation (8) is operationally identical to an Armington aggregation function. We will next write equation (8) purely in terms of variety-scaled quantities V, so that we can simplify the demand side of the model by specifying it in terms of variety-scaled output. This involves one last rearrangement of equation (8). (9) [ ]
On the demand side, we will work directly with equation (9). Variety effects are embodied in the variety-scaled quantity defined by equation (10), which we will treat as a supply-side phenomenon. Written in this way, variety works like a regional quality or scale effect that is realized at the industry level.
We turn next to the supply side of the model. We focus on sectoral output to start, but will later embed this structure into a multi-sector framework. On the supply side, assume that in country i bundles Z i are available for production of varieties x i of good X. From equation (4), we then have the following:
where X iT represents total physical production of X in country i. Because expansion of the X sector involves entry of identically sized firms, both physical output and variety are linear in input of bundles Z. Putting these two terms together with equation (10), we can derive the implicit sectoral production function for variety-scaled output V. (14) ) (
Taken together, equations (9) and (14) let us simplify (in a useful way) the mathematics of production and trade with specialization-based returns to scale.
Basically, sectoral demand is CES and defined over variety-scaled quantities from all sources, while sectoral supply of variety-scaled varieties exhibits a form of external scale economies common in the literature. Our representation of the model works, in reduced form, like a standard Armington model with external scale economies. Working with Armington-type quantities helps in isolating the stability properties of this class of models, and their sensitivity to factor mobility issues.
3.
The supply side: stability and the scale of local adjustment
We now want to embed the production side of the model into a general equilibrium framework. This will allow us to explore, analytically, the relationship between local agglomeration effects (due to variety) and the adjustment of output to price shocks. To do this, we assume a transformation technology between bundles Z and a homogeneous good Y. Factor markets are assumed competitive, so that the price of Z will correspond to the marginal rate of transformation between Z and Y. Furthermore, because we have average cost pricing vis-à-vis equation (14), we can also map the supply-side price of V directly to the price of Z, and hence to the supply response in V and Z as we move along the production possibility frontier.
Our transformation technology, in reduced form, is represented as follows:
The price of bundles will be the following:
Average cost pricing means that we will also have
Making a substitution of (17) into (16) and solving for percent changes, we can derive the following.
Equation (18) relates changes in equilibrium supply of Z to changes in the relative prices of V and Y. The first term captures the relative curvature of the production possibility frontier (defined over bundles and Y), while the second term captures the relative curvature of the Θ function, which depends on variety effects. In a constant returns to scale model, the second term vanishes, and we simply have a variation of the classic Jones-type equation relating changes in supply to changes in relative prices. In the present setting, however, the presence of variety-specialization effects complicates the analytical mix.
Consider the case where we have local stability (in the sense that the sign of equation (18) is positive). For a policy shock ultimately manifested, at least to producers, as a shift in producer prices, the corresponding magnitude of the shift in output will depend on how strong the scale effect is, as transmitted through the Θ function. The stronger it is, the greater the output response associated with a given price change, if equation (17) is to hold. In other words, even for local adjustment from one stable equilibrium to another, how local such adjustment to a price shock will actually be will depend on the magnitude of scale effects. The larger the scale effects, the greater the corresponding shift in resources associated with an observed shift in relative prices. Of course, if the sign of equation (18) is negative, then the local equilibrium is unstable, with a well-known potential for corner solutions (Francois and Nelson 1998) .
The basic properties of the general equilibrium system are illustrated in Figure given Θ function, the properties of the Y and V frontier will depend critically on the properties of the γ function. This is the focus of the next section.
Factor mobility and output adjustment
We now turn to the issue of local adjustment, and the role of factor mobility. By factor mobility, we are not referring to cross-country movement of factors. While this is an important theme in the recent geography literature and older scale economy literature (Krugman and Venables 1995; Markusen 1988 ; Rivera-batiz and Rivera-batiz 1991), our concern instead is the ability of factors (and in particular labor) to move between sectors within a country as employment opportunities shift. In terms of equation (18), the intersectoral mobility of labor can be examined through its impact on the curvature of the γ function.
To develop this issue further, we will impose more structure on the γ function. In particular, we follow the older literature on inter-sectoral factor mobility (see for example Casas 1984; Hertel and Tsigas 1996) and assume that a constant elasticity of transformation will characterize our ability to shift resources between the Z and Y sector.
In generic terms, this may follow from underlying differences in technology across sectors, as well as from factor mobility. However, for the moment, we focus on factor mobility.
Formally, the γ function that can be derived from a CET is represented as follows:
In equation (19), the term ϕ>1, and we will have an elasticity of substitution along the ZY frontier that is concave to the origin, and characterized by a constant elasticity or transformation Ω=1/(φ-1), where 1<Ω≤∞. With an infinite transformation elasticity, the transformation frontier is linear.
Given equations (14) and (19), equation (18) then can be written as follows:
The first term in brackets {} captures the curvature of the CET, through the parameter φ and our location on the transformation frontier, while the second term captures variety scaling effects.
Note that in the large group case, with homothetic cost fuctions, the varietyscaling term is actually a constant, so that local stability ends up depending entirely on variations in the curvature of the transformation frontier. This actually characterizes much of the recent literature, which employs Ricardian single factor models (i.e. linear transformation surfaces). In effect, this approach assumes, in reduced form, that corner solutions will be highly likely, along the lines of Kemp's (1964) work on Ricardian models with external scale economies.
In the next section of the paper, we will employ equation (19), in a multi-sector general equilibrium model including intermediate linkages and monopolistic competition (aka a computational geography model) to examine the sensitivity of output adjustment to factor mobility. Before doing this, however, we turn in this section to a simpler example.
Assume we have one factor (call it labor), and assume further that the intersectoral mobility of labor is as defined in equation (19). The product transformation surface, for a range of values for φ (and assuming σ=2) is presented in Figure 2 . In the Figure, the first "slice" of the surface is the pure Ricardian case, with a linear transform technology between Z and Y. We can see that the scale effects yield a purely convex transformation surface in variety-scaled space. Viewed in variety-scaled space, this class of model can be seen to be a variant of the models studied by Chipman (1970) , Jones (1968 ), Ethier (1982b and Gomory (1994) . Labor is the only productive factor, and as a result the resource constraint in the lower left quadrant of Figure 1 takes the simple form of a straight line. As a result, the convex nature of the VY mapping follows strictly from the curvature of the Θ function. As the transformation elasticity falls below infinity, the increasing curvature of the underlying γ function dominates an increasingly large share of the surface, so that slices of the surface in Figure 2 associated with lower degrees of inter-sectoral factor mobility are characterized by largely concave (and stable) shapes.
As will become evident in the next section, the impact of price and policy shocks on the location of activity (i.e. the shifts that occur in various countries across their transformation surface) will depend critically on the curvature of the γ function.
A computational example
We now turn to a computational example. This involves a large multi-region CGE model. The model includes monopolistic competition in industrial and service sectors as developed above. It also includes sluggish mobility of labor, through a CET as described in equation (19) . The experiment involves a reduction in trading costs for intra-EU trade.
However, in contrast to the recent literature on location, which focuses on trading cost ranges, our interest is instead in the implications of a range of parameter values characterizing labor mobility.
The Model
The model is a multi-sector general equilibrium model, characterized by intermediate linkages and monopolistic competition. It is a version of the GTAP model (Hertel 1996) Consumer demand is generated from a representative regional household with CobbDouglas preferences over sectoral composites. This is a departure from the standard GTAP specification of demand.
1 The papers can be downloaded from www.agecon.purdue.edu/gtap, while the model files will be made available for the final version of this paper at www.intereconomics.com.francois. Note that there is a long history of including monopolistic competition in CGE models. Hence, under a different name, some CGE modellers have been working with "new geography" models since the early 1980s. See Francois and Roland-Holst (1997) .
The multi-region model used here divides the world into eight regions (Germany, Sweden, Denmark, Finland, the United Kingdom, the rest of the EU, EFTA, and the rest of world) each with 11 sectors (primary goods, food, textiles, clothing, wood, chemicals, metal products, autos, electronic goods, manufactures, and services.) Each sector consists of differentiated products, and consumer and firm demand for these are generated by CES preferences. Government services are produced through a Cobb-Douglas technology, which means that government expenditure shares over product categories are fixed.
Consumption is defined as a Cobb-Douglas composite of private and government consumption. Table 1 .
The cost of trade is modeled explicitly as consisting of a combination of trade and transport services. Revenue from non-frictional trade barriers are returned to the representative consumer in each region. This includes quota rents, which are generally modeled as accruing to exporters. Regional labor and capital supplies are assumed to be fixed. (Capital is held fixed so that we can focus on resource shifts, without the additional complication of resource accumulation.)
With the exception of substitution and scale elasticities, which are drawn from the literature (see Table 1 
The experiment
The experiment involves a reduction in frictional trading costs within the European Union, corresponding to 2 percent of the value of trade. Sensitivity analysis is conducted vis-à-vis the elasticity of transformation for labor (both skilled and unskilled), which is ranged from infinity (i.e. perfect labor mobility) to 1 (i.e. very limited mobility.)
The basic results for this experiment are summarized in Tables 2 through 4.   Table 2 reports national income effects. Table 3 reports an estimate of adjustment costs, and is calculated by taking the mean squared deviation in sectoral output within each country. Table 4 then reports for Denmark (a case of relatively large variations in output), the deviations in output by sector.
The general pattern of national income effects is almost completely unaffected by the value of the transformation elasticity (designated s in the tables). This is not the case, however, as we move to the sectoral reallocation of resources. For the smaller economies in the model, the mobility of labor makes a tremendous difference in terms of sector output. For example, the mean squared deviation in output is far larger in the full mobility case for Denmark, Sweden, Finland, and Germany. As we move to partial mobility, this measure of adjustment costs falls dramatically. Significantly, the impact on EFTA also depends critically on our measure of mobility. EFTA is a region (primarily Norway and Switzerland) that does not benefit from the reduction in trading costs with the European Union. Even so, because it trade is highly focused on the European Union, it experiences effects similar to those of smaller European Union members (like Denmark).
Finally, Table 4 reports changes in output by sector for Denmark across our range of transformation elasticities. What is striking is the pattern of sign reversals across a number of sectors. This reflects the strength of agglomeration effect, and the moderaing effect of limitations on factor mobility. For example, the electronic goods sector shrinks dramatically, as production is drawn to other regions, under the full mobility scenario.
However, as we limit mobility, the sector instead contracts. The chemicals sector, on the other hand, finds its ability to expand limited, so that the expansion in output falls as we limit factor mobility.
Summary and conclusions
This paper has been concerned with the importance of labor mobility (or generally for the ease with which resources are shifted between sectors) for the re-location of industry and adjustment costs associated with economic integration. The problem has been examined analytically through a two-sector model with monopolistic competition, trade in intermediates, and an explicit transformation technology parameterized by a transformation elasticity that measures the ease with which resources can be shifted between sectors. A computational example is then developed, in which the theoretical structure developed here is imposed onto a standard computational general equilibrium model.
The recent literature has emphasized the importance of trading costs for industry relocation. It has been shown here, both through the analytical treatment of the issue and the computation example, that the flexibility with which resources can be shifted between sectors is also critical to realization of both the costs and benefits of economic integration. This means that labor mobility within countries has immediate relevance for assessment of likely agglomeration and scale-related benefits of economic integration. 
